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Abstract 
Law enforcement officers (LEO) experience higher levels of work-related stress as 
compared to the general population, and it has been suggested that these increased stress 
levels may contribute to increased cardiovascular disease (CVD) risk. The purpose of this 
study was to determine the relationship between work-related stress and CVD by examining 
inflammatory mediators in a cohort of LEO. Eighty LEO were segregated into high and low 
perceived stress categories and matched based on age, ten-year Framingham cardiovascular 
disease risk, and metabolic syndrome. Circulating levels of inflammatory mediators (C-
reactive protein, interleukin-I~, interleukin-6, and tumor necrosis factor-a) and work-related 
stressors (effort/reward imbalance, job strain, social support, vital exhaustion) were assessed 
and compared between the 40 pairs. Work-related stressors (vital exhaustion and, less so, 
effort/reward imbalance) explained 63.5% of the elevated perceived stress in the high stress 
LEO group. IL-6 tended to be higher (p = 0.043) and IL-1 ~ tended to be lower (p =0.061) in 
high stressed officers. In contrast, a matrix correlation revealed no significant patterned 
relationship between perceived stress, the work-related stressors and the inflammatory 
mediators associated with CVD. These results suggest that despite modest differences in 
inflammatory mediators between high- and low- stressed officers, neither stress nor work-
related forms of stress contribute to CVD via an association with inflammatory mediators. 
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Chapter One: Introduction 
Several studies have suggested there is an increased risk for cardiovascular disease 
(CVD) in law enforcement officers (LEO) compared to the general public (Guralnick, 1962; 
Dubrow et al., 1988; Sardinas et al., 1986; Franke et al., 1998; Calvert et al., 1999). Yet there 
are also studies finding similar CYD mortality risks for LEO compared to the general public 
(Vena et al., 1986; Feuer & Rosenman 's 1986; Demers et al., 1992; Yiolanti et al., 1998). 
With studies conflicting on CVD mortality risk, CVD prevalence has been suggested as an 
alternative for assessing CVD morbidity among LEO compared to the general population. 
The American Heart Association (2005) uses conventional CVD risk factors in evaluating 
CVD risk; these include tobacco use, hypertension, advancing age, obesity, hyperglycemia, 
hypercholesterolemia, and physical inactivity. There are many CYD risk factors found in 
both LEO and the general public; however, conventional CVD risk factors do not fully 
account for the increase in CYD seen in LEO (Franke et al., 1998, 2002). Sparrow et al. 
(1983) examined the prevalence of CYD risk in LEO and found LEO had similar morbidity 
as the general public. However, after controlling for conventional risk factors, Franke et al. 
( 1998) found that retired LEO had a prevalence of CVD 1. 7 times higher than the general 
public (Franke et al., 1998). With over 17,700 criminal justice agencies employing over 
750,000 officers in the United States (Hickman & Reaves, 2003), identifying possible causes 
for increased CVD would be critical for any organized intervention to reduce CVD risk 
among LEO. 
The first step in identifying possible mechanisms for increases in CVD may be 
recognizing that CVD is an inflammatory disease in which inflammatory mediators play a 
key role (Ross, 1993; Libby, 1995, 2003). Several inflammatory mediators have been 
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associated with CVD. C-reactive protein (CRP), a marker for chronic and acute 
inflammation, has shown high sensitivity and has provided an indication of CVD risk beyond 
conventional CVD risk factors (Smith et al., 2000; Ridker et al., 2001; Ridker, 2003). Several 
interleukins are also important contributors to atherogenesis ( eg. TNF-a, IL-1 ~, IL-6). During 
an inflammatory response, these cytokines act in a cascading manner and may also stimulate 
C-reactive protein (Yudkin et al., 2000; Ridker, 2000; Volpaato et al., 2001). 
Production of these key inflammatory mediators is elevated by stress (Smith et al., 
2000; Ridker et al., 2001; Ridker, 2003; Yudkin et al., 2000; Ridker, 2000; Volpaato et al., 
2001; Koening, 1999). There has also been a suggestion that there is a connection between 
stress and CVD. For example, recent reviews suggest there is a relationship between 
psychosocial stress and CVD (Hemingway & Marmot, 1999; Rozanski et al., 1999; Krantz & 
McCeney, 2002; Black & Garbutt, 2002). Rozanski et al. (1999) and Hemingway and 
Marmot (1999) both presented evidence supporting the relationship between psychosocial 
stress and CVD, but both reported a different number and type of psychosocial factors that 
affect CVD. 
While a relationship between stress and CVD has been documented, the mechanistic 
nature of this relationship remains unclear. For occupations such as law enforcement, a better 
understanding of this relationship may help in reducing CVD in LEO. Compared to other 
occupations, law enforcement is recognized as high-stress (Violanti, 1992; Havassey, 1994; 
Finn & Tomz, 1997), and stress is associated with increased CVD in LEO (Franke et al., 
1998; 2002). 
Most of the harmful stressors in law enforcement have been associated with 
organizational work rather than policework per se (Abdollahi, 2002; Storch & Panzarella, 
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1996; Brown & Campbell, 1990). For example, critical incidents (as in police work) can 
significantly affect perceived work-related stress, but the effects are generally short-term 
(Violanti & Aron, 1994). On the other hand, Brown and Campbell (1990) reported that 
organizational stressors (duties unrelated to field work) were four times more likely to be the 
cause of increased stress than non-organizational stressors. Chronic organizational stress was 
a strong predictor of psychological distress and post-traumatic stress among LEO (Liberman 
et al., 2002). Senior or retired LEO report higher stress levels than individuals with fewer 
years on the job (Gershon et al., 2002). 
Organizational stress has many forms (Miller & Monge, 1986, 1987; Violanti & 
Aron, 1994; Storch & Panzarella, 1996; Biggam et al. , 1997; Malone et al., 1997), and there 
is no general agreement on which form of organizational stress has the most critical influence 
on CVD (Liberman et al., 2002). Factors in the work environment and/or work-related 
stressors have been suggested as key ingredients in chronic organizational stress 
(Stinchcomb, 2004). Stinchcomb (2004) also stated that organizational stress levels were 
likely related to one's self-control in the work environment. One's ability to control one's 
environment is also associated with less stress (Brown et al., 1996). With no consensus on 
which chronic organizational factors are the most critical, the emphasis of this study will 
focus on several psychosocial factors related to the work environment. These psychosocial 
factors include perceived stress, vital exhaustion, job strain, effort/reward imbalance, and 
social support. 
Perceived stress, vital exhaustion, job strain, effort/reward imbalance, and social 
support have been linked to work-related stress and have been associated with increases in 
CVD risk. Perceived stress measures how unpredictable, uncontrollable, and overloaded the 
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officers perceive their lives to be (Cohen et al., 1983). Perceived stress has been associated 
with an increased prevalence of CVD in LEO (Franke et al., 2002). Vital exhaustion 
examines the feelings of fatigue, dejection, irritation, and demoralization (Appels, 1997) but 
is distinct from depression (Kopp et al., 1998).Vital exhaustion has been associated with 
increases in pro-inflammatory mediators linked to CVD and a higher risk for CVD (Appels 
& Mulder, 1989; Cole et al., 1999). Job strain examines the psychological tension from the 
joint effects of one's perceived psychological demands and their range of decision making 
and control (Karasek et al., 1981). Job strain (demand vs. control) has been associated with a 
higher risk for CVD mortality in middled-aged adults with hectic, psychologically 
demanding jobs (Karasek et al., 1981 ). Effort/reward imbalance is the effort or work spent on 
a task and the rewards or lack of rewards that come from that work (Peter & Siegrist, 1999). 
Effort/reward imbalance has been shown to be associated with a significant increase in CVD 
(Peter et al., 1998; Peter & Siegrist, 1999; Peter et al., 2002). 
Taken together, these findings suggest that decreases in organizational stress may 
produce decreases in work-related stress, which in turn may result in decreases in CVD risk 
factors associated with stress. As demonstrated earlier, a relationship has been shown 
between stress, CVD, and LEO, but no study has comprehensively investigated the biological 
link between stress, CVD, and LEO. Thus, the goal of this thesis is to examine this 
biological relationship between work-related stress, LEO, and CVD. More specifically, the 
purpose is to determine the relationship between work-related stress and CVD by examining 
inflammatory mediators in a cohort of LEO, as increases in inflammatory mediators may be a 
mechanism leading to increased CVD risk in LEO. We expect to find high work-related 
stress will be associated with elevated pro-atherogenic mediators (CRP, TNF-a, IL-1~, IL-6). 
Chapter Two: Literature Review 
LEO may have a higher prevalence for CVD 
The incidence of CVD in the law enforcement profession has long been debated. 
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Studies by Guralnick (1962) , Sardinas et al. (1986), Dubrow et al. (1988) and Calvert et al. 
(1999) provided support for a relationship between the law enforcement occupation and 
elevated risk for CVD mo1tality. One of the first studies to show an increase in CVD 
mortality among LEO was by Guralnick in 1962. Using national data from 1950, police 
officers were shown to have an odds ratio of mortality of 1.58 (p < 0.05). Sardinas and 
colleagues (1986) examined Connecticut police officers and compared them to individuals 
with other occupations in the state. They found a mortality ratio of 1.32 (95% Cl= 1.16-
1.48), indicating police officers had a higher CVD mortality than individuals of other 
occupations in Connecticut. One possible limitation to this study was deaths were only 
recorded in ages 25 to 59. Calvert and associates (1999) conducted a proportionate mortality 
ratio analysis to investigate the association between occupation and risk for ischemic heart 
disease. They used National Occupational Mortality Surveillance (NOMS) system data; 
coded death certificates of men between the ages of 16 and 60 were screened to identify 
occupations with higher mortality rates. Calvert and his associates found jobs associated with 
law enforcement to be among the highest occupations at risk with elevated levels of 
proportionate mortality ratios. Calvert et al. had proportionate mortality ratios for LEO of 
1.26 (95% CI = 111-143) for sheriffs & other law enforcement, 1.21 (95% CI= l 07-136) for 
correctional officers, and 1.14 (95% CI= 1.06-1.21) for police & detectives. 
There are several studies suggesting LEO have a similar CVD mortality as in the 
general public. Feuer and Rosenman (1986) examined New Jersey LEO as compared to the 
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general US population. They found a non-significant increase in CVD mortality with an odds 
ratio of 1.07 (p > 0.05); however, this study noted many police officers tend to retire after 25 
years of service and it was observed that there was a higher prevalence of CVD mortality 
seen in officers with less than 22 years of work. If this is true, officers that may have retired 
may have continued to show elevated CVD risk. This drop out may partially explain why 
there was a decline in the mortality ratio seen by Feuer and Rosenman because of the fewer 
number of officers with greater than 25 years of work. Two other studies, Vena et al. ( 1986) 
and Violanti et al. (1998), supported Feuer and Rosenman's (1986) conclusions by indicating 
LEO had a similar CVD mortality risk as the US population. Yet it is interesting to find Vena 
et al. (1986) also reported that the risk of CVD mortality tended to increase with years of 
employment to a 1.4 fold increase in LEO with over 40 years of employment. Demers et al. 
( 1992) not only suggested a similar risk of CVD in LEO but also indicated that LEO had a 
lower risk for heart disease with a standardized mortality ratio of 0.86 (95% CI= 0.75-0.98). 
There has been concern with just examining CVD mortality due to the declining CVD 
mortality rate in the United States. Therefore CVD morbidity has been examined by studies 
to determine if CVD prevalence is higher in either LEO or the general public. Sparrow and 
colleagues (1983) followed participants of the Normative Aging Study over a 10-year period, 
including 220 officers and 1428 non-officers. Both groups were initially free of coronary 
heart disease. Sparrow et al. found a risk ratio of 1.40 (95% CI= 0.70-2.40) for police 
officers; however, this number did not reach significance. The non-police population was 
significantly older, which may have had an effect on CVD occurrence. With still some 
uncertainty about the relationship between LEO and CVD morbidity, Franke and coworkers 
( 1998) developed a study to investigate if LEO CVD morbidity was elevated compared to the 
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general population and, if so, determine whether the Jaw enforcement occupation was itself a 
risk factor for CVD morbidity. This study assessed 232 retirees of the Iowa Department of 
Public Safety for CVD risk factors and morbidity and compared them to a control population 
consisting of participants from the 1996 Iowa Behavioral Risk Factor Surveillance System 
(IBRFSS). Eight hundred seventeen participants met the criteria; LEO received a similar 
survey as received by IBRFSS participants, but LEO were asked if they felt any CYD-related 
conditions were brought on by their employment as a LEO. The data indicated LEO had a 
2.34 (95% CI= 1.5-3.6) odds ratio, despite being younger than the control group by -4 years 
(in this study LEO had been retired for 10.2 (± 7.0) years). 
Studies examining LEO and CVD have primarily consisted of males with the 
literature in conflict regarding CVD morbidity and mortality in LEO. Studies suggest either 
an increased (Guralnick, 1962; Dubrow et al., 1988; Sardinas et al., 1986; Franke et al., 1998; 
Calvert et al., 1999) or a similar (Vena et al., 1986; Feuer & Rosenman, 1986; Demers et al., 
1992; Yiolanti et al., 1998) CVD risk in LEO as compared to the general public. A majority 
of evidence, however, suggests a higher prevalence of CVD in LEO compared to the general 
public; these studies also tend to be supported by larger cohorts. 
Conventional CVD risk factors do not fully explain CVD prevalence among LEO 
Studies from the previous section suggest an association between increased CVD 
morbidity and mortality in LEO, but they did not examine the causes of this increase. Most 
often, the heightened incidence of CVD in LEO has been attributed to an increased 
prevalence of conventional CYD risk factors such as physical inactivity, hypertension, 
smoking, obesity, hypercholesterolemia, and hyperinsulinemia (Pollock et al., 1978; Thomas 
et al., 1979; Williams et al., 1987). The American Heart Association (2005) has shown that a 
significant portion of the US population has these conventional risk factors; therefore, the 
prevalence of these risk factors in LEO may just reflect the general population. 
To determine whether this was the case, Franke and coworkers ( 1997) investigated 
the risk factors associated with CVD in a population of LEO. They conducted a cross-
sectional cohort study that included 388 officers ranging from the ages of 30-69 years. The 
study also included a longitudinal cohort involving 246 officers that had a previous 
examination in 1980-1981, which allowed the assessment of CVD risk change over time. 
They evaluated the officers' 10-year risk for developing CVD using conventional CVD risk 
factors of age, weight, gender, total cholesterol, high-density lipoproteins, systolic blood 
pressure, smoking habits, diabetes, and left ventricular hypertrophy for risk factors, and 
compared them to a control population estimated from Framingham Offspring Cohort 
(Anderson et al., 1991). The cross-sectional study found that the increase in CVD risk with 
age did not significantly differ between the LEO and the control group. The longitudinal 
study also found that there was no significant difference in CVD risk when comparing LEO 
and the control group. Data showed that, when comparing the 10-year risk of CVD between 
LEO and the Framingham group using conventional risk factors, there was no significant 
difference between the two groups; therefore, the increased CVD mortality reported in some 
studies likely result from other mechanisms. However, this study did not measure obesity, 
stress, or physical activity, and these factors may increase the prevalence of CVD in LEO. 
Franke et al. (1998) also investigated common CVD risk factors involved with CVD. 
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In this study LEO had a greater prevalence of self-reported diabetes, greater body mass 
index, and higher tobacco use compared to the general public; however after controlling for 
conventional risk factors, law enforcement, as an occupation, was still left as "risk factor" for 
9 
CVD with an odds ratio of 2.34 (95% CI= 1.5-3.6). Interestingly, of the officers that felt 
that their employment contributed to their CVD, 81 % felt "job stress" was a cause. This 
study showed the law enforcement profession was perceived to be associated with an 
increased CVD prevalence and this prevalence was not due to conventional risk factors. 
These results support the notion that conventional risk factors did not account for the increase 
in CVD risk among LEO. 
Stress in LEO 
Law enforcement is recognized as a high stress occupation with unique stress effects 
(Violanti, 1992; Havassey, 1994; Finn & Tomz, 1997). In their review, Finn and Tomz 
( 1997) reported high amounts of stress in LEO, and indicated organizational stress was the 
main factor. Some of the effects officers commonly reported were more emotional 
detachment, post-traumatic stress disorder, and negative health effects (eg. heart attacks, 
weight gain). These unique effects are of interest because of the relationship between LEO, 
stress, and CVD risk (Franke et al., 1998; 2002; Gershon et al., 2002). 
Most of the harmful stressors in law enforcement have been associated with 
organizational work rather than police work per se (Abdollahi, 2002; Storch & Panzarella, 
1996; Brown & Campbell, 1990). Studies suggest older officers (or officers near retirement) 
have higher stress levels (Gershon, 2002). Abollahi's (2002) review concluded that the most 
negative effects on health were generated from organizational stress compared to other 
occupational stress experienced in law enforcement. Brown and Campbell ( 1990) reported 
that organizational stressors were four times more likely to be the cause of increased stress 
than non-organizational stressors (non-organizational stressors are those experienced from 
field work). 
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Multiple forms of organizational work stress have been identified (Miller & Monge, 
1986, 1987; Violanti & Aron, 1994; Storch & Panzarella, 1996; Biggam et al., 1997; Malone 
et al., 1997). Violanti and Aron (1994) surveyed 103 officers asking them to rank their 
stresses, including those originating from police work. Their data indicated LEO experience 
a wide range of stresses, with critical incidents being ranked most stressful. However, a more 
recent study (Biggam et al. 1997) surveyed 699 officers and found that organizational stress 
was reported as being most stressful. Studies have shown that police work-related stress 
such as critical incidents can significantly affect perceived work-related stress (Violanti & 
Aron, 1994; Gershon et al., 2002), but the effects of a critical incident are generally acute, 
while chronic organizational stress has a greater impact on predicting both psychological 
distress and post-traumatic stress (Liberman et al., 2002). Thus, despite many forms of stress 
in law enforcement there is no universal consensus on which stressors have the most chronic 
effect or significant impact over a longer duration, influencing CVD risk (Liberman et al., 
2002). 
Stress and the relationship to CVD 
Recent reviews suggest there is a correlation between psychosocial stress and CVD 
(Hemingway & Marmot, 1999; Rozanski et al., 1999; Black & Barbutt, 2002). Possible 
mechanisms for this relationship are believed to be behavior-initiated: negative health 
behaviors (such as those caused by stress) produce negative health effects. Evidence that 
both acute and chronic forms of psychosocial stress contribute to the pathogenesis of CVD 
has been reported. After analyzing a compilation of pathophysiological and epidemiological 
studies, Rozanski and associates ( 1999) concluded that both acute and chronic forms of 
psychosocial stress contribute to the pathogenesis of CVD. They also provided evidence 
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relating 5 specific areas of psychosocial stress to increased CVD risk: depression, anxiety, 
personality factors and traits, social isolation, and chronic life stress. Another team of 
investigators (Hemingway & Marmot, 1999) conducted a similar review but found only four 
psychosocial factors relating to CVD: type A personality/hostility, depression/anxiety, work 
characteristics, and social support. The latter study provided strong evidence that the four 
psychosocial factors were independent predictors of CVD. 
While the above studies clearly demonstrate that stress directly correlates with CVD, 
the biological nature of this relationship remains unclear. Examinations of the effect stress 
has on inflammatory mediators has shown there is a chain of events starting from a stress 
stimulus and culminating in an inflammatory response associated with CVD. Acute, 
episodic, or chronic psychological stress can produce neuroendocrine responses that may 
lead to a cardiac event (Kop, 1999). The neuroendocrine responses from the hypothalamic-
pituitary-adrenal axis (HPA) and the sympathetic nervous system (SNS) stimulate 
physiological changes in corticosteroids and catecholamines, which are major stress 
hormones (Black & Garbutt, 2002). Major stress hormones corticosteroids and 
catecholamines also have been seen to initiate the production of cytokines, acute phase 
reactants, and other inflammatory mediators (Black & Garbutt, 2002) known to be directly 
involved in the CVD process (Hasson 2001; Zebrack & Anderson, 2002). Synthetic 
glucocorticoid hormone is also known to be used to suppress in-vitro production of pro-
inflammatory mediators; however chronic stress may alter the effects synthetic 
glucocorticoid hormone has on course of inflammation (Miller et al., 2002). Thus, through 
this series of events, stress may alter the production of several key pro-inflammatory 
mediators involved in CVD pathogenesis (Zhou et al., 1993; Siegrist, 1995; Kopp et al., 
1998; Steptoe et al., 2002; Black & Garbutt, 2002; Miller et al., 2002; Hale et al., 2003) 
CVD as an inflammatory disease 
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In order to better understand risk factors associated with CVD incidence in LEO, it is 
important to consider the biological triggers of CVD. An understanding of the causes of 
CVD better enables one to ascertain whether work-related factors may contribute to the 
increased CVD incidence in LEO. 
Atherosclerosis is the result of chronic injury or damage to arterial walls, which may 
occur through several sources (ex. high blood pressure, smoking). When an injury occurs to 
the arterial wall, monocytes and T lymphocytes are attracted to the innermost layer of the 
vascular wall, the intima area. Here monocytes mature into macrophages and, following 
ingestion of local lipids, transform themselves into foam cells (Ross, 1993). Foam cells along 
with T lymphocytes and accumulating smooth muscle cells form fatty streaks which can 
progress into fibrous lesions on the arterial wall. The formation of a fibrous lesion in 
response to an acute injury may not be fatal , but chronic occurrences lead to plaque build-up, 
narrowing or occlusion of the lumen, and CVD (Ross, I993). 
It is now recognized that CVD is an inflammatory disease in which pro-inflammatory 
mediators play a key role (Ross, I986; Libby, I995, 2003). Arterial injury-mediated 
accumulation of T-cells and macrophages promotes inflammation by activating a cascade of 
pro-inflammatory mediators (IL-Ip, TNF-a, IL-6, CRP) (Hansson, 200I; Yudkin, 2000; 
Raines et al., 1989). These inflammatory mediators target vascular endothelial and smooth 
muscle cells, stimulating them to produce significant amounts of cytokines (IL-Ip, TNF-a) 
upon activation (Pober et al., I983; Warner et al., 1987; Hansson, 200I). Inflammatory 
mediators (frequently cytokines, ex. IL-6) help continue the inflammatory process, 
promoting development of atherosclerotic lesions. 
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A number of inflammatory mediators are known to increase with CVD. C-reactive 
protein (CRP) is an inflammatory mediator associated with acute and chronic inflammation. 
It has shown high sensitivity and may provide significant individual and population risk 
assessment (Smith et al., 2000; Ridker et al., 2001; Ridker, 2002; 2003). Ridker and his 
colleagues (2001) found that acute CRP was a greater indicator of CVD risk when combined 
with another variable: elevated lipids. Even though acute CRP has been consistently 
associated with acute cardiac events, it has been suggested that chronic activation of CRP 
would lead to chronically elevated levels of CRP (Black & Garbutt, 2002). Elevated CRP has 
a strong association with an increased risk of CVD (Ridker, 2003). 
Interleukins are another class of cytokines that contribute to CVD. Several 
interleukins that are important contributors to atherogenesis and atherosclerosis are IL-1 ~' 
IL-6, and TNF-a (Hansson, 2001). These interleukins act in a cascading manner to produce a 
pro-inflammatory reaction (Yudkin et al., 2000; Ridker, 2000; Volpato et al. , 2001). In 
response to an arterial injury, IL- 1~ is secreted by macrophages and endothelial cells, and 
TNF-a is secreted by macrophages, NK cells, and T lymphocytes (Janeway et al., 2005). 
Both cytokines are involved with smooth muscle and fibroblast proliferation (Schmidt et al., 
1982; Raines et al. , 1989). IL- 1~ and TNF-a can also activate macrophages as well as trigger 
other inflammatory processes, causing a cascade of inflammatory mediators including the 
secretion of more IL-1 ~ and TNF-a. Thus, they are powerful inducers of local inflammation 
(Hansson, 2001; Saren et al., 1996). 
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IL-6 is another inflammatory cytokine. It has a broad range of effects relating to 
inflammation and CVD (Yudkin et al., 2000; Hansson, 2001 ). IL-6 production is stimulated 
by several factors; IL-IP and TNF-a can both induce cells (such as endothelial and smooth 
muscle cells of the vascular wall) to generate IL-6 (lntrona & Montovani, 1997; Yudkin et 
al., 2000; Hansson, 2001). Importantly, IL-6 is a primary stimulant for CRP production 
(Baumann et al., 1990; Heinrich et al., 1990). Some studies have shown a direct association 
between IL-6 pro-inflammation, plaque proliferation, and CVD (Yudkin et al., 2000; Volpato 
et al., 2001; Ridker et al., 2000). Ridker and his coworkers (2000) evaluated CVD risk using 
IL-6 as an inflammatory marker. The study involved an analysis of 202 U.S. male physicians 
ages 40-84 with no prior history of CVD or cancer. Baseline blood samples were collected 
and then samples were collected after a CVD event occurred. The 202 participants were 
paired with a control that matched the subjects' criteria. The subject groups were put into 
quartiles to compare lower and higher elevations of IL-6 at baseline. The data indicated the 
participants in the highest quartile at baseline had a 2.3 times greater risk for a CVD event to 
occur. This suggests IL-6 is a possible indicator for increased CVD risk. 
Inflammatory mediators in response to stress 
Thus far, the links between stress and LEO, stress and CVD, LEO and CVD, and the 
inflammatory nature of CVD have been reviewed. However, studies have also examined the 
relationship between stress and inflammation. 
C-reactive protein is an inflammation-associated protein that increases during acute 
stress situations (Steptoe et al., 2001 ). In a review of the literature on stress and elevated 
CRP, Black and Garbutt (2002) hypothesized chronic stress could also lead to chronic 
production of CRP. CVD-associated interleukins are also affected by stress. IL-6 (serum 
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tested), for example, is profoundly affected by stress (Zhou et al., 1993; Miller et al., 2002; 
Steptoe et al., 2001; van der Ven. et al., 2003). van der Ven and colleagues (2003) studied 60 
healthy males and found that as Vital Exhaustion increased, so did pro-inflammatory 
mediators such as IL-6. Other pro-inflammatory interleukins affected by stress include IL-Ip 
and TNF-a. Most studies have only shown increases in IL-IP (serum tested) and TNF-a 
(serum tested) in acute stress situations (Steptoe et al., 200I; Miller et al., 2002; Hale et al., 
2003; Heinz et al., 2003); however, Black and Garbutt (2002) suggested that repeated events 
of acute stress could result in chronic stress thus onto a chronically elevated response of 
inflammation. 
Additional confounding variables may further affect CVD-associated pro-
inflammatory mediators. Obesity influences CRP, TNF-a, and interleukin-6 (Yudkin et al., 
1999; Festa et al., 2000; Pradhan et al., 200I). Physical activity can reduce pro-inflammatory 
mediators IL-IP and TNF-a (Smith et al., 1999; Smith, 2001). Aspirin use, recent illness, and 
shift work are also noted in the scientific literature as additional factors that may influence 
levels of inflammatory mediators (Ridker et al., I 997; Zeb rack & Anderson, 2002; Steenland, 
2000). 
Work-related stress increases CVD 
Organizational stressors are viewed as the most harmful stressors among LEO 
(Abdollahi, 2002; Storch & Panzarella, I 996; Brown & Campbell, 1990). However, because 
there is no agreement on which factors of psychosocial stress consistently increase the risk of 
CVD, therefore the emphasis in this study will focus on several psychosocial variables 
related to the work environment (Steenland, 2000; Stinchcomb, 2004). Forms of work-
related stress include Perceived Stress, Vital Exhaustion, Job Strain, Effort/Reward 
Imbalance, and Social Support, all of which are correlated with increases in CVD risk. 
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Perceived Stress measures how unpredictable, uncontrollable, or overloaded the 
officers perceive their lives to be during a recent period of time (Cohen et al., 1983). One 
study found that perceived stress was associated with an increased incidence of CVD in LEO 
(Franke et al. , 2002). Franke and colleagues (2002) examined LEO from nine states and 
reported increases in perceived stress were associated with an increase in CVD prevalence, as 
well as increases in other risk factors of CVD. 
Another form of work-related stress is Vital Exhaustion. It examines feelings of 
fatigue , dejection, irritation, and demoralization (Appels, 1997); however, Vital Exhaustion 
should not be confused with depression. Kopp et al. (1998) has reported that Vital 
Exhaustion is associated with CVD while depression is more accurately considered a 
disability. In relation to CVD, Kopp et al.' s (1998) abbreviated version of Form B of the 
Masstricht Questionnaire, demonstrated that vital exhaustion and depression had different 
patterns of association in relation to behavioral risk factors for CVD. A review by Kop 
( 1999) also indicated how exhaustion is related to the inflammatory processes associated to 
CVD (discussed subsequently). Studies support Vital Exhaustion being associated with 
increases in CVD risk (Appels & Mulder, 1989; Falger & Schouten, 1992; Cole et al., 1999). 
A third factor of stress in the work environment is Job Strain. This factor relates to 
the joint effects of one's perceived psychological demands and their range of decision-
making or control (Karasek et al., 1981). Studies of Job Strain indicate individuals with 
hectic, psychological demanding jobs to have a higher risk for CVD mortality (Karasek et al., 
1981). Within Job Strain it is believed that control may play a bigger role than demand 
(Bosma et al. 1997). Studies by Bishop et al. (2003) and Stinchcomb (2004) support "less 
control" as being the key ingredient among LEO in producing more stress in the work 
environment. Job Strain is likely to be heterogeneous within the law enforcement 
population, which may manifest as differences in CVD risk amongst LEO personnel. 
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Effort/Reward Imbalance examines the effort or work spent on a task and the rewards 
or lack of rewards that come from completion of the work (Siegrist, 1996; Peter & Siegrist, 
1999). Effort/Reward Imbalance are associated with significant increases in CVD (Peter et 
al., 1998; Peter & Siegrist, 1999; Peter et al., 2002). A review by Peter and Siegrist (1999) 
stated that conditions of high costs and low gains within an organization are associated with 
increases in work-related stressors. Effort/Reward Imbalance have been associated with 
increases in inflammatory mediators and CVD-individuals working in high effort/low 
reward environment exhibit 3- to 4- fold increases in CVD risk (Siegrist, 1995; Peter & 
Siegrist, 1999). 
A final psychosocial factor for consideration is Social Support. Typically, the more 
social support an LEO receives, the less they tend to report perceived work-related stress 
(Graf, 1986). As there is a documented correlation between perceived stress and CVD, these 
results suggest that social support may have an impact on CVD occurrence in LEO. 
Relationship between LEO, stress, & CVD 
There are studies indicating LEO have an increased risk for CVD (Guralnick, 1962; 
Dubrow et al., 1988; Sardinas et al., 1986; Franke et al., 1998; Calvert et al., 1999). There are 
also studies indicating that stress is a CVD risk factor in LEO (Franke et al., 1998; 2002; 
Gershon et al. , 2002). Franke et al. (2002) examined the extent of the relationship between 
CVD morbidity, CVD risk factors, and stress in active duty LEO. The data from LEO was 
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compared to a control group obtained from the Behavioral Risk Factor Surveillance System. 
Perceived stress was directly associated with CVD and, indirectly via its effects on other 
CVD risk factors. Thus Franke et al. (1998 & 2002) provided data supporting Jaw 
enforcement stress as an occupational risk factor for CVD. One interesting observation from 
Franke et al. (2002) was the positive relationship between time in profession and perceived 
stress among officers. Gershon et al. (2002) found similar results in police officers near 
retirement. Gershon et al. performed a study investigating older officers ' major stressors, 
perceived stress, coping mechanisms, and stress-related health outcomes. The major finding 
of the study was that older officers with high levels of work stress were at a significant risk 
for health related problems. The findings supported previous research of health problems 
associated with stress as well as poor coping strategies leading directly to increases in CVD 
risk factors. 
Conclusion 
Thus, a review of the literature suggests that stress, through its varied biological 
consequences, may be an important mechanism underlying the increased risk for CVD in 
LEO. Conventional risk factors cannot fully account for the increased CVD risk in this 
population. It appears that stress may increase risk of CVD in LEO in a time dependent 
fashion. The purpose of this study is to evaluate whether chronic stress, particularly work-
related stress in LEO, is associated with elevated levels of pro-inflammatory mediators, 
potentially explaining part of LEO increased risk for CVD. 
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Chapter Three: Methods 
Participants 
Law enforcement officers of the Iowa Department of Public Safety (N=461 ) who 
attended the Iowa State University Exercise Clinic laboratory for their annual department-
mandated medical evaluation were invited to pa1ticipate in this study. LEO routinely receive 
written communications prior to their annual physical evaluation. As part of that 
communication, a description of the nature, intent, goals and requirements of this study were 
provided. Written informed consent was obtained when the participants came to the 
laboratory for data collection. Of the LEO that attended, 421 LEO agreed to participate. At 
the time of their annual evaluations, they provided an additional 15 ml of blood for 
physiological measures and compiled a survey for psychological measures (Appendix B). 
All participants healthy enough to function as law enforcement officers were included. Some 
had chronic diseases such as diabetes and hypertension but were not excluded from 
participating in this study. 
From the 421 LEO, 40 paired officers were matched for age (difference ::;3yr), 
metabolic syndrome (yes/no), and lOyr Framingham CVD risk (difference ::;4%: 2 older 
paired subjects had a 5% and 9% risk difference). One officer from each pair was considered 
high stress and one low stress (1 high and 1 low stressed). High and low stressed groups were 
chosen so their perceived stress scores were at least one standard deviation above and below 
the overall mean for the sample of LEO. 
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Physiological Measures 
Obesity was assessed via body mass index and self-reported waist girth measured 
while in the laboratory. Fasting blood sampling is a part of the medical evaluation of these 
officers. LEO who agreed to participate in this study provided an additional 15 ml of blood 
for determination of inflammatory mediators. The 10-year risk for developing CVD 
(expressed as a percent) was determined using the algorithm developed from the 
Framingham Heart Study, updated with the Offspring Cohort (Anderson et al. , 1991). 
Metabolic syndrome was also considered present, if LEO possessed three or more of the 
following risk factors: increased waist circumference (men 2:40 inches; women 2:35 inches) 
or BMI (>30 kg/m2) , fasting blood triglycerides 2:150 mg/dL, blood HDL cholesterol 
(men :::;40 mg/dL; women :::;50 mg/dL), blood pressure 2:130/85 mmHg, and fasting glucose 
2:110 mg/dL. 
The serum from this 15 ml was frozen at -20° C until further analysis. Further 
analysis of serum was done by measuring levels of inflammatory mediators CC-reactive 
protein, IL-1~, IL-6, TNF-a), using 96 well enhanced protein binding ELISA plates 
precoated with the appropriate primary antibody. Inflammatory markers IL-I~' TNF-a, & IL-
6 were determined by high sensitivity ELISA kits from R & D Systems, Minneapolis, MN. 
CRP was determined by high sensitivity ELISA kits from American Laboratory Products 
Company, ALPCO Diagnostics (CRP); Windham, NH. Each inflammatory mediator used 
the appropriate ELISA kit and was quantified using a Bio-Rad Benchmark microplate reader. 
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Psychological Measures 
While the LEO were waiting to complete their medical evaluation, they completed a 
questionnaire about their perceived stress, sources of stress, and social support. The sources 
of stress that were assessed were Job Strain (demand vs. control), Vital Exhaustion, and 
Effort/Reward Imbalance. 
Perceived Stress was evaluated using the Perceived Stress Scale (Cohen et al., 1983). 
This scale consisted of 14 Likert-type questions and focused on how uncontrollable, 
unpredictable, and overloaded the LEO perceived their lives to be. The scale measures the 
degree to which a person evaluates situations in life as stressful (Cohen et al., 1983); 
however this scale does not identify the source or sources of stress. Scores for this scale are 
obtained by reversing scores on the seven positive items (eg. 1=4, 2=3, 3=2, ect.) and then 
summing all 14 items. Higher scores correspond with higher perceived stress. The positive 
items are questions 4, 5, 6, 7, 9, 10, and 13. Cohen and Williamson (1988) performed an 
internal reliability estimate for the Perceived Stress Scale and found the Cronbach's alpha to 
be 0.75. The 14-item Perceived Stress Scale has also been reported as a better predictor of 
stress-related outcomes (such as health) than life event scores (Cohen et al., 1983). 
Perceived stress has been independently associated with increased incidence of CVD among 
LEO (Franke et al., 2002). Therefore it has been shown to be useful in previous studies 
involving LEO. 
Vital exhaustion was assessed using a 9-item version modified by Kopp et al. (1998) 
from Form B of the Maastricht Questionnaire used by Falger and Schouten ( 1992), and 
developed by Appels and Mulder (1989). The Cronbach's alpha for the 9-item version was 
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-0.83, with a strong correlation to the original 21-item version (r = .93, p < .001, N = 452). 
In addition to the 9-item Maastricht Questionnaire, the item "Did you frequently experience a 
sense of exhaustion (except after exercise)?" was added to the items due to the ability of the 
question to predict CVD mortality over a 12-year follow-up period (Cole et al., 1999). Items 
l through 10 were reversed to associate higher scores with higher stress levels and one point 
was deducted from each participant to allow scoring to be consistent with previous studies 
using the vital exhaustion questionnaire. 
Job strain (demand/control) was assessed using the Job Content Questionnaire 
(Karasek et al., 1981). In this study, a 25-item modified version (Bosma et al., 1997) was 
used. It included the following scales: (a) decision latitude ( 15 items of job control), (b) 
psychological demands (4 items), and (c) job-related social support (6 items). Items 3, 10, 12, 
16, 17, and 19 are reversed items. Items were reversed to associate higher scores with higher 
stress levels. After the scores were summed, a ratio was computed for each participant. The 
total score of demand items times a correction factor was divided by the total score of control 
items. The correction factor was the total number of control items divided by the total 
number of demand items. As a result, a value of 1.0 indicated a balance between demand and 
control, values less than 1.0 indicate that there was more control than demands, and values 
greater than 1.0 indicated there were more demands than control. The Cronbach's alpha was 
reported to be 0.84 for decision latitude and psychological demands (a combined measure of 
job control), and 0.67 for job-related social support. 
Effort/Reward Imbalance was assessed using a modified version of a measurement 
scale used in two studies in Sweden (Peter et al., 1998; Peter et al., 2002). Both intrinsic and 
extrinsic effort was assessed among participants. Intrinsic effort (over-commitment) was 
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assessed by items that examine need for approval, competitiveness and latent hostility, 
impatience and disproportionate irritability, and inability to withdraw from work obligations. 
Extrinsic effort was assessed by items that examine the frequency of being stressed by time 
pressure, responsibility, overtime work, and increasing responsibility. Rewards were 
assessed by perceived esteem by colleagues and superiors, the lack of job insecurity, and the 
lack of undesirable job changes. For this study, the items reported by Peter et al. ( 1999) were 
used. They included 5 items referring to extrinsic effort, 4 items referring to intrinsic effort, 
4 items referring to esteem reward, and 4 items referring to status control. These 17 items 
looked at the components of the effort-reward imbalance model while reducing the workload 
of respondents. Scoring involved reversing items 2, 3, 4, 5, 11, 12, 13, and 17 to indicate 
higher scores were associated with higher stress levels. Afterwards, scores were summed and 
a standard ratio was computed for each participant. The total score of effort (extrinsic) items 
(items 1-5) times a correction factor, was divided by the total score of reward (intrinsic and 
reward) items (items 6-17). As used in the previous questionnaire, the correction factor 
developed a value of either greater or lesser value to one. One indicated a balance between 
demand and control, values less than 1.0 indicate that there was more effort than rewards, 
and values greater than 1.0 indicated there was less effort with rewards. 
Social Support was assessed using the 24-item version of the Social Provisions Scale 
(Cutrona & Russell, 1987). The Social Support scale was scored by summing all the 
questions for one total score. In this study, social support needed to be assessed since it may 
affect the relationship between job-related stress and inflammatory mediators. 
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Data Analyses 
The following analyses were used to determine whether perceived stress was a 
significant contributor to work-related stressors and inflammatory markers. First the 
physiological and psychological parameters for the entire group of LEO (n=421) were 
determined. Next, a paired t-test was used to determine differences in physiological 
characteristics, CVD risk factors, inflammatory markers, and work-related stressors between 
the high and low perceived stress groups. C-reactive protein, IL-1~, IL-6, and TNF-a were 
measured as inflammatory markers and questionnaires evaluating job strain, effort/reward 
imbalance, vital exhaustion, and social support were used as indicators of work-related stress. 
Initially, a stepwise linear regression was performed to determine the extent to which these 
four work-related stress constructs were associated with perceived stress. Then, a 
comparison between high and low stressed pairs was made via a 16 by 16 correlation matrix 
of inflammatory mediators (CRP, TNF-a, IL-1~, and IL-6) and work-related stressors Uob 
strain, effort/reward imbalance, vital exhaustion, and social support). Finally, to assess the 
stress scores of high and low groups, both groups were regressed against the low, high, mean 
of low and high, and the difference between the low and high values of the inflammatory 
markers. 
All models were estimated by Statistical Package for the Social Sciences (SPSS) 
software. Values are reported are means ± standard deviations and significance was 
determined if p < 0.05. 
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Chapter Four: Results 
The sample of LEO consisted of 421 out of 461 possible officers (91 % ). From our 
sample, 40 pairs of low vs. high stress individuals (on the ratings of perceived stress scores) 
were selected for comparison. From the 40 selected pairs of LEO, 4 were female (paired with 
men) and 10 pairs had metabolic syndrome. A similar prevalence of shift work or working 
irregular hours was found between the two groups. An overall view of the physiological and 
psychological parameters of the larger group can be found in Table 1. The comparison of 
physiological and psychological variables between the low perceived stress and high 
perceived stress LEO is depicted in Table 2. Among the work-related stressors, vital 
exhaustion and, to a lesser extent, effort reward imbalance explained 63.5% of the variance 
in perceived stress. Vital exhaustion alone explained 60.9% of this variance. Significant 
differences between the two LEO groups were elevated vital exhaustion (p < 0.001), effort-
reward imbalance (p < 0.001), and reduced social support (p < 0.001) in the high stressed 
group as compared to the low perceived stress group. There was also a trend for increased 
IL-6 (p = 0.052) and reduced IL-1~ (p = 0.083) in the high-perceived stress group compared 
to the low perceived stress group. No significant differences in any of the other parameters 
measured were observed between the two groups. Table 3 contains the 16 by 16 correlation 
matrix between measures of low/high stressors and inflammatory markers. There are no 
consistent correlations within the matrix when examining high-to-high variables and low-to-
low variables that support any pattern where stressors might be influencing inflammatory 
variables. 
When evaluating the regressions of the four inflammatory markers to create 40 
difference scores and further examine any comparisons, statistical significance was found 
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only between TNF-a difference and social support. The TNF-a difference was significantly 
correlated with social support high and low (p = 0.014). The TNF-a difference was also 
significant when regressed against the social support difference between high and low (p = 
0.051 ). 
Table 1. Physiological and psychological parameters for entire group of law 
enforcement officers (n=421). 
Variable 
Age (yr) 
Height (cm.) 
Weight (kg) 
Body Mass Index (kg/m2) 
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mmHg) 
10 year risk for developing CVD (%) 
Glucose (mg/di) 
Total Cholesterol (mg/di) 
High density lipoprotein (mg/dL) 
Low density lipoprotein (mg/dL) 
Triglyceride (mg/dL) 
Metabolic Syndrome (markers) 
Perceived Stress (sum) 
Vital Exhaustion (ratio) 
Effort/Reward Imbalance (ratio) 
Job Strain (sum) 
Social Support (sum) 
Years as a LEO 
values are mean± standard deviation. 
Officers 
39 ± 9 
180.1±7.2 
91.8 ± 14.8 
28.2 ± 3.8 
123 ± 12 
82±12 
3±4 
91±14 
194 ± 35 
46 ± 12 
121 ±30 
144±107 
1.3 ± 1.2 
19 ± 7 
6±4 
1.02 ± 0.21 
l.36 ± 0.38 
71±8 
16 + 9 
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Table 2: Comparison of physiological and psychosocial parameters between low 
perceived stress versus high perceived stress law enforcement officers. 
LEO: Low vs. High Comparisons 
Low Stress High Stress t-value 
Age (yr) 41 ±8 41±8 0.092 
Height (cm.) 180.9 ± 6.6 179.1±7.6 0.240 
Weight (kg) 91.8 ± 14.6 90.6 ± 14.6 0 .691 
Body Mass Index (kg/m2) 27.9 ± 3.3 28.2 ± 4.2 0 .658 
Systolic BP 123 ± 11 123 ±JO 0.659 
Diastolic BP 82 ± 7 82 ± 9 0 .836 
I 0 year CYD risk (%) 3±3 3±4 0.164 
Glucose 91 ±JO 90 ± 16 0.836 
Total Cholesterol 198 ± 38 196 ± 38 0.692 
High Density Lipoprotein 47 ± 16 46± 14 0.845 
Low Density Lipoprotein 126 ± 35 121±29 0.364 
Triglyceride 129 ± 67 156±I13 0.098 
Metabolic Syndrome(# markers) 1.4 ± 1.3 1.4+1.4 0.889 
Perceived Stress (sum) 9±2 3 1±4* 0.000 * 
Yitai Exhaustion (ratio) 3±3 11±4 0.000 * 
Effort/Reward Imbalance (ratio) 0.93±0.14 1.22 ± 0.25 0.000 * 
Job Strain (sum) 1.36 ± 0.37 1.33 ± 0.37 0.770 
Social Support (sum) 75 ± 7 68 ± 10 0.000 * 
Years as LEO 17 ± 9 17 ± 8 0.729 
C-reactive Protein (pg/mL) 22.2 ± 29.0 26.8 ± 32.5 0.575 
Tumor Necrosis Factor-a (pg/mL) 1.0 ± 0.8 1.2 ± 0.8 0.432 
Interleukin-I~ (pg/mL) 0.3 ± 0.5 0.1 ±0.1 0.083 t 
lnterleukin-6 (pg/mL) 0.7 ± 0.5 1.2 ± 1.6 0.052 t 
values represented as mean ± standard deviation 
* p < 0.05; t p < 0. JO 
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Table 3: Correlations Among Inflammatory and Work-related stress variables in High 
(HI) versus Low (LO) groups. 
CR PLO TNF-ALO IL-lBLO IL-6LO JSLO ERILO VELO SSLO 
CRPLO 
TNF-ALO 0.50* 
IL-lBLO 0.44* 0.19 
IL-6LO 0.53* 0.30t 0.21 
JSLO -0.05 -0.05 0.01 -0.17 
ERILO 0.09 -0.04 -0.11 -0.02 0.38* 
VELO -0.01 -0. l -0.09 0.02 -0.19 0.07 
SSLO -0.11 -0.50* 0.09 0 0.33* 0.08 -0.16 
CRPHI -0.23 -0.04 -0.15 -0.14 -0.03 -0.03 0.06 -0.07 
TNF-AHI -0.18 -0.16 0.02 -0.02 0.12 -0.15 -0.03 0.15 
IL-lBHI -0.29t -0.15 -0.12 -0.28t 0.09 0 0.16 -0.11 
IL-6HI -0.15 -0.24 0.08 -0.08 0.11 0.17 0 0.1 
JSHI 0.36* 0.19 0.14 0.22 0.04 -0.19 -0.1 -0.23 
ER IHI -0.16 0.12 -0.2 -0.23 -0.17 -0.15 0.06 -0.21 
YEHi -0.31 t -0.30t -0.01 -0.28t 0.08 0.14 -0.03 0.19 
SSHI 0.28 0.18 0.03 0.24 -0.02 -0.19 -0.32* 0.02 
* p<0.05 ; t p<0.10 for correlation 
Table 3 continued: Correlations among inflammatory and work-related stress 
variables in high (HI) versus low (LO) groups. 
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CRPHI TNF-AHI IL-lBHI IL-6HI JSHI ERIHI VEHI SSHI 
CR PHI 
TNF-AHI 0.22 
IL-lBHI 0.28 "! 0.08 
IL-6HI 0.69* 0.36* 0.13 
JSHI 0.08 -0.27"! -0.01 0.06 
ER IHI 0.1 0.33* 0.25 -0.13 -0.05 
VEHI 0.08 0.08 0.09 0.05 -0.19 0.35* 
SSHI -0.18 0.12 -0.23 -0.18 0.11 0.16 -0.41 * 
* p<0.05 ; t p<0.10 for correlation 
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Chapter Five: Discussion 
This study examined the relationship among sources of stress, LEO, and CVD risk 
via inflammatory mediators. LEO were divided into two groups on the basis of scores of 
perceived stress (low and high); participants were matched between groups based on age and 
CVD risk factors. A total of 461 subjects were screened, and 421 completed all survey 
information. High and low stress individuals were delineated from the LEO group by a 
magnitude of -2 standard deviations on their stress scores. Work-related stressors of vital 
exhaustion and effort/reward imbalance were significantly elevated in the high perceived 
stress LEO group and explained 63.5% of the elevated perceived stress in the high group. 
Vital exhaustion had the most effect explaining 60.9% of the elevated perceived stress. 
Social support was lower in the high stressed group. The inflammatory mediator, IL- 1 p, 
tended to be lower in the higher perceived stress group while another inflammatory marker, 
IL-6, had a trend towards an elevation with higher perceived stress. As shown in Table 3, 
work-related stress variables were not predictors of inflammatory variables. 
One of the effects of interleukin-6 is induction of an acute phase response, which 
involves the production of other inflammatory mediators such as CRP and TNF-a (Janeway 
et al., 2005). IL-6 was higher in the high stress group while IL-1 p tended to be lower. 
However, regression analyses indicated that neither perceived stress nor work-related 
stressors were predictors of the inflammatory markers studied here. Thus, two important 
observations may be drawn from this study regarding stress and inflammatory mediators in 
LEO: 1) more stressed officers had a trend towards higher IL-6 and lower IL-1 p levels, but 
perceived stress if likely does not increase CVD risk through its effects on inflammatory 
mediators; but, 2) vital exhaustion and effort/reward imbalance were significantly elevated 
and social support was significantly suppressed in the high stressed group. 
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The initial hypothesis regarding IL-6 was that levels would be higher in the high 
stress LEO versus the low stress LEO groups, and that these differences would be due to 
different measures of work-related stress. Levels of IL-6 found in this study were similar to 
those reported for the general population (Ikonimidis et al. 1999). While a trend of higher 
IL-6 levels was found in the high perceived stress group, IL-6 values were not predictive of 
any of the forms of stress examined here. There are several potential explanations for this 
finding. IL-6 levels may not be influenced by stress; however, this explanation is in conflict 
with the bulk of previous findings on this topic (Zhou et al., 1993; Miller et al., 2002; Steptoe 
et al., 2001; van der Ven et al., 2003). Alternatively, the stress parameters evaluated in this 
study may influence IL-6 levels, but do so by acting indirectly on other physiological 
parameters not observed in this study, which in turn mediate IL-6 levels. A third possibility 
is that IL-6 levels may be influenced by other stress variables not examined here. 
The levels of IL-1 ~ found in this study are similar to those reported in the scientific 
literature for the general population (Ikonimidis et al., 1999). Therefore, while a trend 
towards a difference in IL-1 ~ levels between high and low stress LEO was found, these 
values still lie within the normal range for the general population and are likely not clinically 
significant. 
The elevated stress in LEO overall has been associated with an increased incidence of 
negative health effects which may include CVD in LEO (Finn & Tomz, 1997; Abdollahi, 
2002). The present study found that vital exhaustion, and to a lesser extent, effort/reward 
imbalance and suppressed social support significantly affected elevated perceived stress 
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among LEO. Thus, reducing vital exhaustion and effort/reward imbalance with added social 
support in LEO may appear to be an effective method for lowering perceived stress. 
Compared to other studies of stress and health in LEO, this study has some 
limitations that need to be acknowledged. The relatively small population size employed 
here may have impacted the ability to detect differences between groups; further, this 
population consisted mostly of Caucasian males working in Iowa. For some cytokines, 
circulating levels are known to change with age (Mascarucci et al., 2001). Even though we 
matched subjects by age in this study, the fact that our total subject pool contained such a 
broad spectrum of differently aged individuals may have obscured effects that would have 
been seen had a narrower age range been employed for younger or older populations. 
Though our high stress group reported stress scores -2 standard deviations greater than the 
total group average, levels of stress in our study population may not have been of a great 
enough magnitude (i.e., severe enough) to result in significant alterations in inflammatory 
mediators. However, there was a significant disparity in stress levels between our two LEO 
groups. The levels of inflammatory mediators found in our subjects were not significantly 
different compared to the general population (Ik:onomidis et al., 1999; Esposito et al., 2002). 
The resultant small differences in inflammatory mediators between the two groups may be 
too subtle for detecting associations between stressors and inflammatory mediators. Finally, 
these results are applicable only to LEO, as no individuals outside of law enforcement were 
included in the study. 
Future investigations should endeavor to compare LEO to non-LEO individuals using 
these same parameters to gauge the importance of these findings for the general population. 
Longer-term studies following LEO over multiple years and documenting changes in chronic 
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stress may reveal additional correlations related to temporal factors and/or changes in the 
magnitude of the correlations observed here. A larger sample size including age, gender, or 
race constraints may also reveal effects that were undetectable in the current investigation. 
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Chapter Six: Conclusion 
The purpose of the present study was to identify potential mechanisms underpinning 
the increased CVD prevalence seen in LEO. The overall goal was to be able to apply these 
results towards prevention and/or surveillance programs for this population that would 
reduce CVD-associated mortality and morbidity. 
This study found that vital exhaustion was the primary work-related factor associated 
with perceived stress, and that more of the high stressed officers had higher circulating levels 
of IL-6. However, we found no association between perceived stress and work-related forms 
of stress and 4 inflammatory mediators which contribute to CVD. Thus, these data suggest 
that stress in LEO does not contribute to CVD via an inflammatory process. On the other 
hand, these results suggest that programs intending to reduce stress among officers would be 
most effective by targeting vital exhaustion in particular, such as through organizing social 
support systems or monitoring and helping minimize feelings of fatigue and irritation among 
LEO. 
Title of Study: 
Investigators: 
Appendix A: Informed Consent 
INFORMED CONSENT DOCUMENT 
Is there a relationship between work-related stress and inflammatory 
mediators in law enforcement? 
Warren Franke 
This is a research study. Please take your time in deciding if you would like to participate. 
Please feel free to ask questions at any time. 
INTRODUCTION 
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The purpose of this study is to determine the extent to which stress, especially work related 
stress, can increase a law enforcement officer's risk for heart disease. You are being invited 
to participate in this study because you are a law enforcement officer in the Iowa Department 
of Public Safety. 
DESCRIPTION OF PROCEDURES 
If you agree to participate in this study, your participation will consist of this appointment 
and last for about half an hour. During the study you may expect the following study 
procedures to be followed: 
1. You will complete a questionnaire about your current stress level and some 
work-related sources of this stress. You may skip any question that you do not wish to 
answer or that makes you feel uncomfortable. 
2. Dr. Franke will draw 3 small vials (-15 ml or the amount acquired during 
your annual IDPS medical examination) of blood from you. 
RISKS 
While participating in this study you may experience the following risks: 
1. Some of the questions on the survey may make you a little uncomfortable. 
2. The needle stick needed to acquire the blood may be slightly uncomfortable. 
BENEFITS 
[f you decide to participate in this study there may some direct benefit to you. You will find 
out whether you have a normal cytokine profile (blood components which can increase your 
risk for heart disease) and you will have identified aspects of your job which are the most 
stressful. It is hoped that the information gained in this study will benefit society, since stress 
is not uniquely associated with law enforcement, heart disease remains the number 1 killer in 
the United States, and this study may identify a mechanism whereby stress increases the 
development of heart disease. 
COSTS AND COMPENSATION 
You will not have any costs from participating in this study. You will not be compensated 
for participating in this study. 
PARTICIPANT RIGHTS 
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Your participation in this study is completely voluntary and you may refuse to participate or 
leave the study at any time. If you decide to not participate in the study or leave the study 
early, it will not result in any penalty or loss of benefits to which you are otherwise entitled. 
You are free to quit participating in the study if you find either the survey or the blood draw 
to uncomfortable. 
RESEARCH INJURY 
Emergency treatment of any injuries that may occur as a direct result of participation in this 
research is available at the Iowa State University Thomas B. Thielen Student Health Center, 
and/or referred to Mary Greeley Medical Center or another physician or medical facility at 
the location of the research activity. Compensation for any injuries will be paid if it is 
determined under the Iowa Tort Claims Act, Chapter 669 Iowa Code. Claims for 
compensation should be submitted on approved forms to the State Appeals Board and are 
available from the Iowa State University Office of Risk Management and Insurance. 
CONFIDENTIALITY 
Records identifying participants will be kept confidential to the extent permitted by 
applicable laws and regulations and will not be made publicly available. However, federal 
government regulatory agencies [list all other applicable groups e.g., NIH, the sponsor] 
and the Institutional Review Board (a committee that reviews and approves human subject 
research studies) may inspect and/or copy your records for quality assurance and data 
analysis. These records may contain private information. 
To ensure confidentiality to the extent permitted by law, the following measures will be 
taken. You will be assigned a unique code and letter and these will be used on all forms and 
blood tubes. These identifiers will be kept in Dr. Franke's office in a password protected 
computer file. Your data will be permanently kept in this file on Dr. Franke's computer. The 
Iowa Department of Public Safety will not be given any of this information. If the results are 
published or if the Department would like the results, your identity will remain confidential. 
QUESTIONS OR PROBLEMS 
You are encouraged to ask questions at any time during this study. For further information 
about the study contact Dr. Warren Franke at 515-294-8257. If you have any questions about 
the rights of research subjects or research-related injury, please contact the Human Subjects 
Research Office, 2810 Beardshear Hall, (515) 294-4566; austingr@iastate.edu or the 
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Research Compliance Officer, Office of Research Compliance, 2810 Beardshear Hall, (515) 
294-3115; dament@iastate.edu 
*************************************************************************** 
*** 
SUBJECT SIGNATURE 
Your signature indicates that you voluntarily agree to participate in this study, that the study 
has been explained to you, that you have been given the time to read the document and that 
your questions have been satisfactorily answered. You will receive a copy of the signed and 
dated written informed consent prior to your participation in the study. 
Subject's Name (printed)-----------------------
(Subject's Signature) (Date) 
[Include the Parent/Guardian/Legally Authorized Representative signature line only if 
applicable to your study.] 
(Signature of Parent/Guardian or 
Legally Authorized Representative) 
INVESTIGATOR STATEMENT 
(Date) 
I certify that the participant has been given adequate time to read and learn about the study 
and all of their questions have been answered. It is my opinion that the participant 
understands the purpose, risks, benefits and the procedures that will be followed in this study 
and has voluntarily agreed to participate. 
(Signature of Person Obtaining 
Informed Consent 
(Date) 
Appendix B: Stress Questionaire 
IS THERE A RELATIONSHIP BETWEEN WORK-RELATED STRESS 
AND INFLAMMATORY MEDIATORS IN LAW ENFORCEMENT? 
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We are trying to understand the effect of work-related stress on law enforcement officers. You 
could help this research by answering the following questions. 
For each question, please mark the answer that is most true for 
you. There are no "right" or "wrong" answers. 
l In the last month, how often have you been upset because 
of something that happened unexpectedly? 
I 
In the last month, how often have you been angered 
11 because of things that happened that were outside of your 
control? 
::::: 
"" 
~ 
~ :;::., 
:::: c ... 
. ... 
- -C> ~ E .::: 
c ~ ~ 
@ © 
::::: 
~ 
~ c 
~ 
For these questions, mark the answer that most applies to 
you. The answers range from "often" to "sometimes" to 
"seldom" to "never." 
Do you have a choice in deciding how to do your job? 
2 Do you 'have a choice in deciding what to do at work? 
3 Others make decisions concerning my work 
4 I have ,a good deal of say in decisions about 
'-"'··:~~;_). ~$~&:z<f 
5 I have a say in my own work speed 
6 My working time is or could be :fle;dble 
7 I decide when to take a break 
I have a say in.choosing with wholp ~worked 
'~==--=-'*°"".'><' -~->MIW,,f# _,,:~<-Hl-'l'</i.,<&:~-- ,, "'''@@=&W•<~dili%=·-~ 
9 I have a great deal of say in planning my work environment 
10 Do you have to do the same thing over and ovet again? 
·-·=---~-,·~--
11 Does your job provide you with a variety of interesting things? 
12 Is your.job boring? 
13 Do you have the possibility of learning new things through your work? 
14 1 Poes ydtr job demand a high . Je~el of skill an. 
-:*~w,,;::_ ~~ .fil:;,-,;,:>:<;!;~;f',.,,,j~:~,_,,w,,®#J«;.;m:>»«Jf<fe--0 
15 Does your job require you to take initiatives? 
"" ~ E 
·-..... :::: ~ 
~ E ~ c c 
CD ® 
Q) ® 
CD ® 
Q) ® 
m~~
CD ® 
~ 
@ ® 
CD ® 
© ® 
- -
"~ 
CD ® 
CD ® 
CD ® 
Q) ® 
CD ® 
16 Do you have to work very fast? 
- -··' _""""" _____ ......,_~~--~--------... -.... &<--------
17 Do you have to work very intensively? 
18 Do you have enough time to do everything? © ® 
· -~--~ ~~--"""""-~~------~---~~~ 
19 
20 
21 
Do different individuals or groups at work demand things from you that 
you think are hard to combine? 
---~_(~ ;~ -~ ~ 
1H How often do you get help and support from y 
How often are your colleagues willing to listen to your work-related 
problems? 
CD ® 
© ® 
~,~ 
CD ® 
24 How often you get help and support from your immediate superiors? 
S!i??!!o/W '.1:! M W!,i<!j, , z,mwm m m wmmwd& wr Wf :WW!! w W:i If!! % ·· ,::~iiS<oW'"""-m"" ............. -~00-WW.'""~"'""'-""--""~--~~~1 
23 How often are your immediate superiors willing to listen to your problems? CD ® 
24" 
h ~Ja1: g4 v-wii i~r rrw-« 
· t information from your superiors? @ 
........ ----~~--~~----~·--·= ...... ,___ -~"""""'-.. ....... ~~~~--~~~~...-. ....... 1....n---1 
25 Do you get consistent information from your superiors? ® 
For these questions, mark the answer that most applies to you. 
The answers range from "often" to "sometimes" to "seldom" to 
"never." 
Do you have enough time to meet the demands of your 
job? 
3 Do you have responsibility for material values or damage 
in your job? 
17 Are you satisfied with your income? 
::: 
~ ~ 0 
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FOR THESE QUESTIONS, MARK THE ANSWER THAT MOST 
APPLIES TO YOU. THE ANSWERS RANGE FROM 
"YES" TO "DON'T KNOW" TO "NO." 
"" ~ 
1 Do you often feel tired? CD 
,JsCD 
'~'''~~, 
-
, J;)o you .. often:have trouble:fruli:ngasleep?;t·rj mi!ff17,,;NvnH:w 
~ .,,,.,.,:·. ~ ~ ~ ~ w -- --~~&,.., 
3 Do you repeatedly wake up during the night? CD 
~ ~ :::: c c :::: ~ ~ 
@ 
® 
@ 
"" 
w 
--
4 Do you feel weak all over? d w. 7 -~1-----------....,,,,·-~-~ 
5 Do you feel more listless than before you joined law enforcement? 
Do little tlllngs irritate you more than befo~e yougoinedla)¥ 
enf orcemerit? ' " 
7 Do you sometimes feel that your body is like a battery that was losing 
its power? 
CD 
~. 
CD 
~,,,,,.,i .'''~ 
CD 
'·~·ruvw~ Z? .* ,,,._,,,, .~~-"'*-"'71"""'""'::"'"""'.:""'-';w--,-"~---:,,,··-~--"'i:ff"~-~--.~ 
,. (D 
Do you feel;dejected? 
~ 
9 Do you ever wake up with feelings of exhaustion and fatigue? CD 
ently exper~eµce a sense of e~austion at work(except 
w+;:= ;i;·. '. 
® 
@ 
® 
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Instructions: In answering the following questions, think about your current relationships with 
friends, family members, co-workers, community members, and so on. ~ 
Please indicate to what extent each statement describes your current ~ 
relationships with other people. Use the following scale to indicate your .:=i 
opinion. For example, if you feel a statement is very true of your current ~ 
~ 
relationships, you would respond with a 4 (strongly agree). If you feel a ~ 
=: 
statement clearly does not describe your relationships, you would respond Q 
..:: 
with a 1 (strongly disagree). v:i 
L There are people I can depend on to help me if I really need it. CD 
I feel thatI do not have close personal relationships with other people. CD ® @ I-"""'""'=•-- ~,---....'*-= ~''"'"- .. ~~ ~hP .~ ...... _,,,;;;-;;__,.,$_.__....,,__ ___ ,~. 
3 There is no one I can tum to for guidance in times of stress. 
--4 There are people who depend ~P me for help :~Ji@='?--=•,=---~ ~"'- hm- ~~ft"'h M 
5 There are people who enjoy the same social activities I do. 
I feel personally responsible for the well-being of another person. 
CD 
CD 
CD 
If eel part a group of people who share my attitude~ and beliefs. 
,;::; z,i~>=ftil .. ~ .-dA<:o/,;-;::;.:~'>-' ?<:IL....t$,.~, ~-&@, ___ '**"'i;i;; <'<:'•'~'+*''""' 
9 
, --~ 
10 . 
11 
13 
I do not think other people respect my skills and abilities 
If something went wrong, no on:.., would come to my assistanc!:,_ _ 
I have close relationships that provide me with a sense of emotional 
security and well-being. 
I have relationships where my competence and skill are recognized. 
@ 
@ 
'*" 
@ 
@ 
@ 
@ 
@ 
@ 
© 
© 
© 
© 
© 
© 
© 
© 
© 
© 
© 
© 14 There is no one who shares my interests and cotiCf1[llS. 
~: .. @@:0i-~ J~~™~ ""'» w rm m®.::&:i~~t™"~ 1 . P"'Afiw=·~
15 There is no one who really relies on me for their well-being. @ © 
@ © 1; F i'here is a trustworthy person f could turn to for aclvfoe lf I were'1'having problems. 
~ ;.i, _m,'""' .__ _ _..__,...,.,,..., __ , ______ ......._......,.._... __ ~~--1 
17 I feel a strong emotional bond with at least one other person. @ © 
@ © Q) ® , , is no one l ,can depend on for aid if lreall~; Il,(:(~d it 
-=~ww.. fi!WfBM!ifffe''i~(~ - - ."""""~'- ~ ~ · ·{c'!';.ddi ..... ____ @, _______ ,__ ~----
19 There is no one I feel comfortable talking about problems with. CD ® @ © 
20 There are people wbo admire my talents and abilities. !-%--- ""= "---·;'¥"""'1%{'"""""--------~· Q) @ © 
21 I lack a feeling of intimacy with another person. @ © 
~""''<'¥<'-- '"%~:w1~~ - 'W"'W-""'%<"""""" ~--~~·=-=--~4-'=-1,,,._~,:~--~-------
@ © 22 There is no one who likes to do the things I do Q) ® 
IO. ~~ 1ltl-am%"'ii!i!r=&ii ( . . ~ji~,~w~ 
23 There are people who I can count on in an emergency. CD ® CD 
®~" · ·-t~ :AA< •.. ,_,_,,_, - ----·· ~--r-m~----~--~--=--..,.....""""'"""""''"~-- ~1"'· 
24 No one needs me to care for them. Q) ® @ 
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1. Do you have shiftwork as part of your regular work? For example, you regularly work 
2 weeks of days and 2 weeks of evenings. 
A. Yes B. No C. I have shiftwork but it is not a regular part of my job. 
2. Do you frequently work irregular, or "unscheduled," hours? For example, you get 
called to work in the middle of the night or you have to stay at work past the end of 
your shift. 
A. Yes B. No 
3. If yes, how many times per month do you have to work irregular hours? 
_____ times per month. 
4. During the past month, did you participate in any physical activities or exercises such 
as running, calisthenics, golf, gardening, or walking for exercise? 
A. Yes B. No C. Don't Know/Not Sure 
5. What type of physical activity or exercise did you spend the most time doing during the 
past month? 
A. Walking B. Jogging C. Weight Lifting D. Other 
6. HOW MANY TIMES PER WEEK OR PER MONTH DID YOU TAKE PART IN THIS 
ACTIVITY DURING THE PAST MONTH? 
A. Times per week__ B. Times per month__ C. Don't know/Not sure 
7. And when you took part in this activity, for how many minutes or hours did you usually 
keep at it? 
A. Hours per session __ B. Minutes per session __ C. Don't know/Not sure 
8. Have you taken aspirin or aspirin products (advil, ibuprofen) in the past week? 
A. Yes B. No C. Don't Know/Not Sure 
9. What is your age (as of Nov 1, 2003)? _____ years 
10. WHAT IS YOUR RACE? 
A. White B. Black or African American 
D. Native Hawaiian or Other Pacific Islander 
F. Other (specify) 
C. Hispanic or Latino D. Asian 
E. American Indian, Alaska Native 
11. About how much do you weigh without shoes? 
______ pounds Don't Know/Not Sure 
12. About how tall are you without shoes? 
___ / ft/inches Don't Know/Not Sure 
45 
13. How many years have you been employed as a law enforcement officer? ____ years 
14. In what division are you employed? (check one) 
A. Criminal Investigation 
Primarily Gaming 
Other than Gaming 
B. Fire Marshall's Office 
C. Narcotics Enforcement 
D. Highway Patrol 
E. Other (please describe) 
15. What is your current position or rank? (check one) 
A. Trooper 
B. Sergeant 
C. Lieutenant 
D. Higher than Lt 
E. Agent 
F. Special Agent 
G. Other (please describe) 
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